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(57) ABSTRACT 

Methods and apparatus for conserving battery energy used 
in transmitting signals carrying data from a doWnhole loca 
tion, using a transmission system Where a predetermined set 
of data is to be transmitted once during a predetermined 
period. The method can comprise the steps of: transmitting 
at least one signal during said period to transmit the set of 
data; selecting the time of transmission of said at least one 
signal; and representing at least some of the data to be 
transmitted in terms of the time of transmission of said at 
least one signal. 
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BATTERY CONSERVATION FOR DOWNHOLE 
TELEMETRY 

[0001] This invention relates to battery conservation in 
data transmission systems. 

[0002] In some circumstances the conservation of battery 
energy in data transmission systems becomes of importance. 

[0003] A particular area Where this is of concern is in the 
?eld of pipeline, and particularly doWnhole communica 
tions. In these situations the poWer demands for transmis 
sion can be relatively high compared With the capacity of 
batteries Which can be used. Particularly in doWnhole cir 
cumstances, the types of batteries Which can be used and the 
eXpense of these batteries is in?uenced by the environment 
in Which they must survive and operate. These factors lead 
to it being desirable to conserve battery energy Where 
possible. Furthermore, in the case of some installations, 
particularly doWnhole, the replacement of used batteries can 
be dif?cult, impossible or not cost effective. In some cases, 
When the batteries poWering a tool have run doWn, the tool 
as a Whole Will have to be replaced. 

[0004] In other circumstances it Will be desired to increase 
the distance over Which signals can be transmitted rather 
than prolonging battery life. Again, in these circumstances, 
systems Which effectively conserve battery energy are useful 
since the poWer used in transmitting any one set of data 
might be increased to increase range Without adversely 
affecting the life of the battery compared With a less ef?cient 
data transmission system. 

[0005] It is an object of this invention to provide methods, 
systems and apparatus Which conserve battery energy Whilst 
transmitting data. 

[0006] According to one aspect of the present invention 
there is provided a method of conserving battery energy used 
for transmitting signals carrying data in a transmission 
system Where a predetermined set of data is to be transmitted 
once during a predetermined period, the method comprising 
the steps of: transmitting at least one signal during said 
period to transmit the set of data; selecting the time of 
transmission of said at least one signal; and representing at 
least some of the data to be transmitted in terms of the time 
of transmission of said at least one signal. 

[0007] According to another aspect of the present inven 
tion there is provided data transmission apparatus using 
battery energy for transmitting signals carrying data in a 
regime Where a predetermined set of data is to be transmitted 
once during a predetermined period, the apparatus compris 
ing: transmitting means arranged for transmitting at least 
one signal during said period to transmit the set of data, and 
control means for selecting the time of transmission of said 
at least one signal and arranged for representing at least 
some of the data to be transmitted in terms of the time of 
transmission of said at least one signal. 

[0008] Using such techniques, the overall time spent actu 
ally transmitting signals, in order to transmit the set of data, 
can be minimised. Hence the amount of battery poWer used 
in transmitting the set of data can be minimised. In effect 
time is being used as a resource. 

[0009] Typically the transmission system Will be such that 
a set of data is to be transmitted once during each of a 
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plurality of successive predetermined periods, Which may be 
contiguous. For eXample a set of data may be transmitted 
once every 24 hours. 

[0010] In some cases there Will be a plurality of sets of 
data, each of Which are to be sent once during the same 
predetermined period or respective predetermined periods. 
In such cases signals having different frequency character 
istics may be used to carry respective sets of data such that 
the signals are distinguishable from one another. 

[0011] In one set of embodiments the method comprises 
the step of transmitting a ?rst, reference, signal Within each 
predetermined period and transmitting at least one further 
signal, as a data signal, at a selectable time relative to the 
reference signal Within each predetermined period. In such 
embodiments the time spacing betWeen the signals can be 
used to represent data. The reference signal may be sent at 
a preset time in each period, this may for eXample be the 
beginning or end of each period. 

[0012] In one particular case, Where there is one data 
signal in each predetermined period, the time period 
betWeen the data signal of one predetermined period and the 
reference signal of the same period may be considered 
together With the time period betWeen the data signal of that 
predetermined period and the reference signal of an adjacent 
period and a ratio of these tWo time periods used to give a 
value representing at least some of the data to be transmitted. 
Where there are a plurality of data signals in each time 
period, a plurality of ratios may be used and each of these 
may be used to encode data. 

[0013] The reference signals may be made distinguishable 
from the data signals, for eXample the duration of the signals 
themselves may differ. 

[0014] Typically data Will be represented digitally and, for 
eXample, the predetermined period may be quantized appro 
priately such that different timings represent different digital 
values. 

[0015] The method may comprise the further steps of: 

[0016] determining the data siZe of the predetermined set 
of data; 

[0017] determining the transmission characteristics of the 
channel over Which the data is to be transmitted; and 

[0018] selecting at least one of: 

[0019] 1) the number of signals to send during the prede 
termined period; 

[0020] 2) the duration of each signal; 

[0021] 3) the poWer of each signal; and 

[0022] 4) the quantiZation of the predetermined period, so 
as to alloW transmission of the required data during the 
predetermined period Whilst minimising the battery energy 
used. 

[0023] The apparatus, of course, may be arranged to carry 
out each of the methods de?ned above. 

[0024] The apparatus may comprise computer means. 

[0025] According to another aspect of the present inven 
tion there is provided a computer program comprising code 
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portions Which When loaded and run on computer means 
cause the computer means to execute the steps of: 

[0026] a) obtaining information regarding the data siZe of 
a predetermined set of data to be sent over a channel during 
a predetermined period, Which set of data is to be sent using 
the steps of transmitting at least one signal during said 
period, selecting the time of transmission of said at least one 
signal, and representing at least some of the data to be 
transmitted in terms of the time of transmission of said at 
least one signal; 

[0027] b) obtaining information regarding the transmis 
sion characteristics of the channel over Which the data is to 
be transmitted; and 

[0028] 
[0029] 1) the number of signals to send during the prede 
termined period; 

[0030] 2) the duration of each signal; 

[0031] 3) the poWer of each signal; and 

c) selecting at least one of: 

[0032] 4) the quantization of the predetermined period, so 
as to alloW transmission of the required data during the 
predetermined period Whilst minimising the battery energy 
used. 

[0033] According to yet another aspect of the present 
invention there is provided a computer readable data carrier 
carrying a program as de?ned above. The data carrier may 
comprise a signal, or may comprise storage means such as 
a ?oppy disc, a hard disc, a CD-Rom or DVD-Rom. 

[0034] According to a further aspect of the present inven 
tion there is provided a computer arranged to carry out a 
method as de?ned above. 

[0035] According to another aspect of the present inven 
tion there is provided a communication system comprising 
transmission apparatus as de?ned above and receiving appa 
ratus arranged for receiving and decoding the transmitted 
signals. 

[0036] A clock may be provided at the transmitting loca 
tion and a clock may be provided at the receiving location 
respectively for use in encoding and decoding data. Where 
a periodic reference signal is transmitted this may be used to 
calibrate the clocks one against the other. In an example of 
this, if the reference signals are to be transmitted every 24 
hours but the receiving clock sees the signals at 23 hours and 
59 minute intervals it can be determined that the transmitter 
clock is running 1 minute sloWer in 24 hours than the 
receiver clock and appropriate adjustments can be made. 

[0037] The above apparatus, systems and methods are 
particularly appropriate for use in pipeline and especially 
doWnhole communication. In such situations battery life can 
be loW With usual transmission techniques. Further the 
batteries used can be expensive and dif?cult or impossible to 
replace. Moreover the amount of data to be transmitted can 
be relatively loW and the frequency With Which data needs 
to be transmitted can be loW, for example, once a day or even 
less frequently. In such cases, With more normal transmis 
sion techniques no use is made of the transmission channel 
for the vast majority of the time. In the present techniques 
maximum use of the available channel time is made by 
alloWing the time of signalling itself to carry data. 
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[0038] It is in the case of doWnhole communication that 
some of the biggest bene?ts can be seen. The methods may 
be doWnhole battery conservation methods and the appara 
tus may be doWnhole data transmission apparatus. 

[0039] In one set of embodiments, the method and appa 
ratus may be such that: a plurality of data signals are 
transmitted during said predetermined period; each data 
signal has an associated frame Within said predetermined 
period and during Which the respective data signal may be 
sent, the time of transmission of the data signal Within that 
frame representing at least some of the data to be transmit 
ted; and the respective associated frame of at least one of the 
data signals overlaps in time, at least in part, With the 
respective associated frame of another of the data signals. 

[0040] The frames may be such that the respective frame 
associated With each data signal overlaps in time, at least in 
part, With the respective associated frames of each of the 
other data signals. 

[0041] Each frame may be divided into a plurality of equal 
length time slots. In some cases each frame may comprise 
the same number of equal length time slots, With the time 
slots in each frame being of the same length. 

[0042] The predetermined period may comprise a data 
signal period Which can be occupied by frames of data 
signals. This data signal period can be divided into equal 
length time slots, Which are of equal length to the time slots 
in the frames. In some embodiments the number of equal 
length time slots in the data signal period equals the sum of 
the number of data signals to be sent during the predeter 
mined period and the number of equal length timeslots in 
each frame. 

[0043] Some frames may be discontinuous in time. A 
frame may comprise a ?rst plurality of time slots separated 
from a second plurality of timeslots by an occupied timeslot 
of another frame. 

[0044] The method may comprise the step of transmitting 
a reference signal Within the predetermined period, this may 
be transmitted before the data signal period. The apparatus 
may be arranged to transmit a reference signal. 

[0045] The method may comprise the steps of: 

[0046] splitting the set of data to be sent into data subsets; 

[0047] transmitting a respective data signal at a selected 
time Within a respective frame in representation of each data 
subset, Wherein the respective frames overlap such that the 
order of sending of the signals does not provide a positive 
indication of the data subset to Which each signal relates; and 

[0048] transmitting an auxiliary indicator Which enables 
determination of the data subset to Which each signal relates. 

[0049] The step of transmitting an auxiliary indicator may 
comprise the step of transmitting the respective data signals 
at different frequencies. 

[0050] The step of transmitting an auxiliary indicator may 
comprise the step of transmitting at least one decommutation 
signal Which indicates the order in Which the signals relating 
to the data subsets are being sent. 

[0051] The transmission apparatus may be arranged to 
carry out any of the above steps. 
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[0052] There may be a common frame Within the prede 
termined period associated With a plurality of data signals 
and Within Which the plurality of data signals are distributed 
in time. In some cases there may be a single common frame 
Within the predetermined period. In either case, the pattern 
of the distribution of the data signals in time Within the 
frame can determine at least some of the data Which is to be 
transmitted. 

[0053] Preferably Where there is a single common frame 
this frame substantially ?lls the Whole predetermined period. 
A reference signal may be sent Within the predetermined 
period and outside of the frame but such a reference signal 
Will typically be short compared With the predetermined 
period such that the frame still substantially ?lls the Whole 
predetermined period. 

[0054] A look up table may be used in encoding and/or 
decoding the data to be sent. Thus transmission apparatus 
and/or receiving apparatus may comprise storage means 
carrying a look up table. 

[0055] The look up table may comprise entries in a form 
Where speci?c data sets Which can be transmitted are asso 
ciated With unique signal arrangements. Each signal 
arrangement may be selected to be transmittable during a 
respective frame. At least part of each unique signal arrange 
ment may comprise a speci?ed distribution of signals in time 
Within the frame. There may be other aspects to each unique 
signal arrangement, for example, there may be a scheme 
Where a plurality of signal frequencies may be used. The 
different frequencies may be selectable for each frame or for 
each signal Within a frame such that unique signal arrange 
ments may be distinguished by the frequency of the signals 
or by the frequency of each of the signals. 

[0056] The look up table may be populated in a Way such 
that Where X speci?c data sets are to be represented the X 
unique signal arrangements are chosen such that each 
includes the minimum number of individual signal pulses. 
This helps to minimiZe the energy used in transmitting the 
necessary data. 

[0057] The method for conserving battery energy may be 
arranged to conserve battery energy used by a doWnhole 
device in sending data items from a set of predetermined 
data items during a predetermined period, and the signalling 
regime may comprise a modulation scheme Where a data 
transmission period is divided into equal length time slots 
and there is a plurality of unique signal arrangements, each 
of Which arrangements is associated With a respective one of 
the data items and Wherein each unique signal arrangement 
has an associated pattern of pulses distributed in the time 
slots and the unique signal arrangements are selected so as 
to one of control and minimiZe, across the Whole group of 
associated pulses, the mean number of pulses per associated 
pattern of pulses. 

[0058] According to another aspect of the present inven 
tion there is provided a method of generating a modulation 
scheme to conserve battery energy used by a doWnhole 
device in sending data items from a set of predetermined 
data items during a predetermined period, the method com 
prising the steps of: selecting a data transmission period 
Within the predetermined period and dividing the data trans 
mission period into equal length time slots; and selecting a 
plurality of unique signal arrangements and associating each 
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signal arrangement With a respective one of the predeter 
mined data items; Wherein each unique signal arrangement 
has an associated pattern of pulses distributed in the time 
slots and the unique signal arrangements are selected so as 
to one of control and minimiZe, across the Whole group of 
associated pulses, the mean number of pulses per associated 
pattern of pulses. 

[0059] The method may comprise the further step of 
determining the shortest pulse period supported by the 
transmission channel to achieve the required signal to noise 
ratio. The time slots may be chosen to have a length 
substantially equal to the determined shortest pulse period. 

[0060] The data transmission period may be chosen to 
occupy substantially the Whole of the predetermined period. 

[0061] Embodiments of the present invention Will noW be 
described by Way of example only With reference to the 
accompanying draWings in Which: 

[0062] FIG. 1 schematically shoWs a doWnhole data com 
munication system Which can be operated in a battery 
conserving manner; 

[0063] FIG. 2 schematically shoWs a timing chart for 
signals sent in the communication system of FIG. 1; 

[0064] FIG. 3 shoWs a timing chart for an alternative 
signalling regime; 
[0065] FIG. 4 illustrates the frequency characteristics over 
time of a set of signals Which may be used in the data 
transmission system shoWn in FIG. 1; 

[0066] FIGS. 5A, 5B and 5C illustrate another alternative 
signalling regime; 
[0067] FIG. 6 illustrates a further alternative signalling 
regime; 
[0068] FIG. 7 shoWs a modi?ed version of the doWnhole 
data communication system of FIG. 1; and 

[0069] 
[0070] The present invention is concerned With the con 
servation of battery energy When using battery poWer to 
transmit signals carrying data in a communication system. 
The energy conservation techniques may be used in a 
relatively broad set of different data communication sys 
tems. HoWever, as mentioned in the introduction above, 
battery conservation is of particular interest in pipeline 
transmission systems and all the more so in doWnhole data 
transmission systems. 

[0071] FIG. 1 schematically shoWs one such doWnhole 
data transmission system Which can be operated in such a 
Way as to conserve battery energy as Will be explained 
beloW. 

[0072] In the doWnhole data transmission system shoWn in 
FIG. 1, data is transmitted from a doWnhole location to the 
surface via the metallic structure of the Well. This general 
type of data transmission system is currently used by the 
applicants and is described in detail in previous patent 
applications belonging to the applicants. 

FIG. 8 shoWs an example look up table. 

[0073] The metallic structure of the Well includes a pro 
duction string 1 Which runs from a Wellhead 2 at the surface 
into the Well and is used for extracting oil and/or gas from 
the Well. At a location doWnhole, an isolation joint 3 is 



US 2006/0049960 A1 

provided in the production string 1. This isolation joint 3 
serves to electrically isolate an end portion of the production 
string 1 from the remainder. AdoWnhole transmitting unit 4 
is situated in the region of the isolation joint 3 and a 
transmitter 41 of the doWnhole unit 4 is connected across the 
isolation joint 3. The doWnhole unit 4 also comprises a 
battery pack 42, a control means 43 and a set of sensors 44. 
The battery pack 42 supplies poWer to the transmitter 41 as 
Well as the other components. 

[0074] At the surface, receiving means 5 are provided and 
have one terminal connected to the Wellhead 2 and another 
connected to ground. 

[0075] When signals are to be transmitted from the doWn 
hole location to the surface, the transmitter 41 applies 
signals across the isolation joint 3 and these travel up the 
production string 1, through the Wellhead 2 and can be 
detected by the receiving means 5. 

[0076] The set of sensors 44 are used to sense parameters 
associated With the Well. These for eXample might be 
pressure and temperature. The output of the sensors 44 are 
connected to the control means 43. 

[0077] Under the control of the control means 43, the 
doWnhole unit 4 is used to send details concerning the 
parameters measured by the sensors 44 on a regular basis to 
the surface receiving means 5. 

[0078] Although not shoWn in FIG. 1, there may be 
further control means, implemented for eXample by a com 
puter at the surface, Which serves to provide further control 
functions for the system. Where necessary it is possible for 
a surface control system to carry out processing concerning 
the signals to be sent and transmit instructions to the 
doWnhole control means 43 such that the transmitter 41 is 
controlled appropriately. Thus again, although not shoWn in 
FIG. 1, transmission means may be provided at the surface 
and receiver means may be provided in the doWnhole unit 4 
to alloW the sending of such signals. 

[0079] In the present system the data to be sent to the 
surface is encoded using a modulation scheme Where time is 
used as a resource. In particular the timing of signals sent to 
the surface represents the data itself. Thus the actual signals 
sent to the surface need not be modulated in any other Way 
than the time at Which they are transmitted. 

[0080] A timing chart shoWing the modulation scheme 
used in the present embodiment is shoWn in FIG. 2. In this 
case data is scheduled to be sent once a day, that is to say 
once every 24 hours. 

[0081] This 24 hour period serves as a predetermined 
period during Which the desired data has to be sent. A 
reference pulse R is sent at the start of each 24 hour period 
as shoWn in the timing chart. Within the remainder of the 24 
hour period, a further pulse D, Which acts as a data pulse, is 
sent at a time determined by the control means 43. The time 
at Which this data pulse D is sent is chosen to represent the 
data Which is to be sent. 

[0082] In effect, the Whole of the 24 hour period is 
quantised, that is split up into time slots each of Which is 
associated With a different digital value. The time at Which 
the data pulse D is sent is chosen so as to give the correct 
digital value. 
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[0083] As can be seen in FIG. 2, in the ?rst 24 hour time 
period, the leading edge of the data pulse D is spaced from 
the leading edge of the preceding reference pulse R by a time 
T1A and is spaced from the leading edge of the subsequent 
reference pulse R by a time period TZA. In the present 
embodiment the digital value Which is transmitted in the ?rst 
time period is the ratio T1 A/T2 A. 

[0084] FIG. 2 also shoWs the subsequent 24 hour period 
in Which again there is a data pulse D. The value Which that 
pulse represents is given by TlB/TzB. 
[0085] The pulse signals themselves can be simple sine 
Waves of a chosen duration but may be chirps Where the 
frequency of the pulse decreases over the duration of the 
pulse. Chirps may in some cases assist in determining the 
timing of the pulse during detection. 

[0086] The duration of the pulses themselves are selected 
to give an adequate signal to noise ratio Whilst minimising 
battery usage. Clearly to keep battery usage to a minimum 
the pulses should be as short as possible and of the loWest 
poWer possible. It is envisaged that in a doWnhole transmis 
sion system of the type shoWn in FIG. 1 the reference pulses 
R may be three minutes in duration and the data pulses D 
may be tWo minutes in duration. 

[0087] It Will be noted that the reference pulses are of a 
different duration than the data pulses. In the regime illus 
trated in FIG. 1 the reference pulses R are longer, having the 
period of 1V2T, than the data pulses D having a period of T. 

[0088] As T is increased the pulses Will become easier to 
detect at the receiving means 5. The longer the pulse, the 
deeper into noise that pulses can be detected. It has been 
found by the applicants that With T at tWo minutes the 
reference and data pulses can be detected Where the signal 
to noise ratio is —9 dB’s. This compares very favourably 
With a more normal modulation technique Which has pre 
viously been used Where the data is sent using phaseshift 
keying (PSK) and a signal to noise ratio of 6 to 9 dB is the 
Worst that could be tolerated. Moreover the total signalling 
time, i.e. the time Which the transmitter is operating, to send 
a desired set of data has been reduced from 10 minutes With 
PSK signalling to 6 minutes With the current technique. 

[0089] Because of the characteristics of the transmission 
channel as a Whole there is a limit as to hoW short the pulses 
can be and hoW accurately their timing can be resolved. This 
effectively places a limit on the amount of data Which can be 
transmitted during a 24 hour period When relying on the 
timing of the data pulse D to convey all of this data. 

[0090] HoWever, the amount of data Which can be trans 
mitted using the timing of pulses to encode the data can be 
improved by transmitting more than one data pulse during 
the predetermined period. 
[0091] FIG. 3 illustrates a timing chart for a system Where 
tWo data pulses D are transmitted during the predetermined 
24 hour period. Here tWo digital values can be considered by 
taking the ratios Tl/T2 and T1/T3. 
[0092] It has been found by the applicants that in a 
practical doWnhole system 40 bits of data can be transmitted 
during a 24 hour predetermined period if tWo data pulses D 
of tWo minute length are used. 

[0093] In this practical system the timing of the pulses Was 
determined using a matching technique Where the incoming 
signal Was correlated With a model expected signal. 
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[0094] In some situations there may be more than one 
doWnhole unit 4 Which needs to transmit information along 
the same piece of metallic structure, or indeed in more 
general terms, there may be more than one set of data that 
needs to be transmitted along a single communication chan 
nel during any one predetermined period. This can be 
facilitated by associating a different frequency range of 
signals to each set of data, for example, to each doWnhole 
unit 4. 

[0095] FIG. 4 illustrates hoW different frequency range 
chirps might be allocated. In FIG. 4, four different chirps are 
shoWn each of Which decreases in frequency over time but 
each of Which starts at a different frequency. Using a 
correlation technique of the type mentioned above it is 
possible to distinguish betWeen such signals. 

[0096] The control means 43 includes a clock Which is 
used for generating the pulses at the correct time intervals. 
Similarly at the receiving unit 5 there is a corresponding 
clock Which is used in the timing of the received signals in 
order to eXtract the desired data. It Will be noted that since 
reference pulses R are transmitted in the present system once 
every 24 hours it is possible for the clocks to cross calibrate 
With one another. The clock of the doWnhole control means 
43 transmits reference pulses at What it considers to be 
precisely 24 hour intervals. These Will be detected at the 
receiving means 5 and Where according to the receiving 
means 5 clock, the intervals are not precisely 24 hours the 
discrepancy can be detected and corrected for. 

[0097] In a simple implementation a preset number of 
pulses, a preset length of pulses and a preset poWer of pulses 
can be used, as Well as a preset quantisation of the prede 
termined time period. In more sophisticated systems the 
above parameters can be chosen so as to optimise the 
system. In particular, the objective is alWays to transmit the 
necessary data Whilst using the minimum battery energy. 
Therefore, if the amount of data Which needs to be trans 
mitted is determined as Well as the characteristics of the 
transmission channel available, the parameters above can be 
selected to meet this objective. In some cases this may be 
done once only as the system is set up in any particular 
installation. In yet more sophisticated systems, the param 
eters may be dynamically chosen by an appropriately pro 
grammed computer so as to optimise the system each time 
that the amount of data to be transmitted varies and/or the 
quality of the transmission channel varies. As alluded to 
above a computer for performing these functions may be 
located at the surface and appropriate instructions sent to the 
doWnhole control means so that signals are sent using the 
correct regime. 

[0098] The battery conservation methods and apparatus 
implementing the methods may be used in conjunction With 
many different physical signalling techniques. 

[0099] For eXample, as Well as electrical or electromag 
netic signalling the same principles and methods may be 
used in respect of acoustics, for eXample underWater acous 
tic signalling. The conservation advantages are given by the 
modulation technique and are independent of the physical 
layer of the communication system. 

[0100] Whilst the modulation schemes of the general type 
described above can lead to signi?cant battery conservation 
bene?ts, there are modulation schemes Where even greater 

Mar. 9, 2006 

bene?ts may be achieved. These schemes are ones Where 
even more use is made of time as a resource. In general 

terms such schemes involve the use of several signal pulses 
Within a given time frame, Which preferably covers substan 
tially the Whole of the predetermined period during Which 
the signals need to be sent. Achieving this and implementing 
this can be thought of in tWo broad Ways, the ?rst is the idea 
of overlaying (in the time domain) signals or the frames in 
Which signals are sent Within a data transmission period and 
the second is considering the overall pattern of signals 
Within the data transmission period. 

[0101] It has also been found by the applicant that sending 
signals using as short a pulse as the channel can tolerate 
helps to conserve energy. 

[0102] The ideal position is to transmit a signal pulse at 
some point in time to represent the entire data to be sent but 
this is not alWays possible. To encode the necessary data in 
the time available and bearing in mind the minimum detect 
able pulse length, it can become necessary to transmit tWo 
or more pulses. HoWever, the aim is still to minimise the 
number of pulse that are sent. 

[0103] To further exemplify these ideas tWo modulations 
schemes Will be described together With techniques for 
optimising these. These modulation schemes may be used 
With the doWnhole data communication system described 
above in relation to FIG. 1 and/or modi?cations thereof. 

[0104] FIGS. 5A, 5B and 5C schematically shoW the 
building up of a series of pulses to be sent over a predeter 
mined period of 24 hours to transmit a desired set of data, 
in an alternative modulation scheme. In this scheme the 
predetermined period can be considered split into three main 
periods. These are a sync period 101 during Which a “sync” 
(or reference) signal is sent, a decommutation period 102 
during Which a decommutation signal or signals are sent and 
a data transmission period 103 during Which data signals are 
sent. 

[0105] The sync period is very short compared With the 
Whole predetermined period. It carries a short pulse signal 
Which serves to indicate that the predetermined period has 
started and relative to Which the timing of the other signals 
can be measured. 

[0106] In the case illustrated, three data signal pulses X,Y 
and Z are transmitted during the predetermined period to 
encode the data to be transmitted. These signals have been 
overlayed in a Way Which is described beloW. 

[0107] The data to be transmitted is ?rst split into three 
data subsets. 

[0108] The position of a ?rst pulse X is chosen Within a 
respective time frame 104 illustrated in dotted lines in FIG. 
5A, to represent the value of the ?rst data subset. The time 
frame 104 comprises n time slots, such that the value 
represented by the ?rst pulse X can be betWeen Zero and 
n-1. 

[0109] The position of a second pulse Y is chosen Within 
a respective time frame 105 illustrated in dotted lines in 
FIG. SE, to represent the value of the second data subset. 
Again this time frame 105 comprises n time slots, so that the 
position of the second pulse Y can represent a value betWeen 
Zero and n-1. It Will be noted that the frame 105 associated 
With the second pulse Y overlaps almost entirely With the 
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frame 104 associated With the ?rst pulse X. This allows 
better use to be made of time as a resource. 

[0110] Further it Will be noted that the frame 105 associ 
ated With the second pulse Y is discontinuous in time—part 
precedes the location of the ?rst pulse X and part folloWs the 
?rst pulse X. Moreover so that the frames are of the same 
length, the second frame 105 ?nishes one timeslot after the 
?rst frame 104. 

[0111] The position of a third pulse Z is chosen Within a 
respective time frame 106 illustrated in dotted lines in FIG. 
SC to represent the value of the third data subset. Again this 
time frame 106 comprises n time slots, is discontinuous in 
time and ?nishes one time slot after the second frame 105. 

[0112] It Will be noted that the third pulse Z Which 
represents the third data subset precedes, in time, the second 
pulse Y Which represents the second data subset. Therefore 
the order of transmission of the pulses does not indicate to 
Which data subset they relate. This ?exibility of ordering is 
advantageous because it alloWs the same time period to be 
used in the encoding of plurality of pieces of data, hoWever, 
some means is needed to alloW the identi?cation of the 
pulses to alloW decoding. 

[0113] There are different Ways in Which this may be 
achieved, for eXample the pulses might be distinguishable 
from one another by virtue of frequency or some other 
intrinsic characteristic. In the present embodiment hoWever, 
the necessary information to alloW identi?cation of the 
pulses is sent by Way of a decommutation signal or signals, 
alluded to above, during the decommutation period 102. In 
the present case the decommutation signals carry data indi 
cating the order of the pulses—ie that the ?rst pulse Will be 
received ?rst, then the third pulse and then the second pulse. 
This alloWs the receiving station to eXtract the transmitted 
data. 

[0114] This modulation technique has a relatively loW 
processing overhead for transmission and reception Which is 
advantageous in situations Were processing poWer is limited. 

[0115] In developments of this system, transmitting means 
capable of transmitting different frequency signals may be 
used to alloW encoding of more data With given pulse 
arrangements. For example, if it is possible to transmit and 
distinguish on reception 8 distinct frequencies, as Well as the 
data carried by the position in time of the pulses, a further 
3 bits of information may be carried by each pulse by virtue 
of selecting a particular frequency. 

[0116] It should be noted that in alternatives to the above 
embodiment the need for separate sync and decommutation 
signals (and associated periods) can be avoided. In particu 
lar, in some cases, the sync pulse can carry the decommu 
tation information. For eXample, the frequency of the sync 
pulse could encode the decommutation data and its length or 
a gap before it longer than any possible message could 
indetify the pulse as the sync pulse. 

[0117] The above modulation scheme may be optimised 
for communication over a particular channel. Where each set 
of data has a pre-determined standard length in terms of the 
number of bits in the set of data (ie each set of data 
comprises N bits), the folloWing process can be used. 

[0118] Step 1: By means of channel survey or modelling 
determine the shortest pulse period “T” required to provide 
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adequate signal to noise ratio. With current equipment and 
techniques a signal to noise ration of the order of 9 dB’s is 
generally appropriate. 
[0119] Step 2: Calculate the number of times “Q” that the 
period T ?ts Within the predetermined period (or alterna 
tively an estimate of the likely data transmission period 103 
alloWing for the sync period 101 and decommutation period 
102). From this determine the largest value of “n” Where 2D 
is less than or equal to Q. This value of n indicates the 
number of bits that may be encoded using the delay betWeen 
the sync pulse and the ?rst data pulse. 

[0120] Step 3: From the channel survey or model deter 
mine the number “m” of discrete frequencies that can be 
supported by the channel Whilst achieving the desired mini 
mum signal to noise ratio. 2rn discrete frequencies are 
required to encode m bits of data into each pulse. 

[0121] In some cases one of the frequencies may be 
reserved for use as the sync pulse. In other cases a longer 
pulse may be used to identify the sync pulse. The selection 
of Which mechanism is used can be determined to some 
eXtent by Whether there are “left over” frequencies or time 
slots. In this sense, if there are nine frequencies available 
23=8 may be used to represent 3 bits and the remaining “left 
over” frequency may be used for the sync pulse. 

[0122] Step 4: The number of data pulses required “R” can 
be determined by the relation R=N/(m+n). As Well as this 
there Will be at least one standard length pulse as a sync 
pulse. Furthermore it is necessary to determine the amount 
of information that is needed to alloW the decommutation of 
the data pulses. This is dependent on the number of Ways in 
Which the data pulses may be ordered Which is given by R!. 
The number of bits “n1” needed to send this information is 
determined by ?nding the value of n1 such that 2D1 is greater 
or equal to R!. The decommutation data may be sent by Way 
of a pulse or pulses appropriately positioned after the sync 
pulse and before the data pulses or by some other means. 

[0123] FIG. 6 shoWs a series of pulses Which are to be sent 
using another alternative modulation scheme. Here again 
three data pulses X, Y and Z are being transmitted during a 
24 hour predetermined period. The predetermined period in 
this case is split into tWo main periods. The ?rst is a sync 
period 101 and the second is a data transmission period 102. 
Similarly to the scheme described above in relation to FIGS. 
5A, 5B and 5C, the sync period 101 is short compared With 
the predetermined period and is used to transmit a reference 
pulse. 

[0124] In this case there is a single common frame Which 
is associated With each of the data pulses X, Y and Z and 
Which substantially ?lls the Whole of the data transmission 
period 102. 

[0125] Here the order of the data pulses X, Y and Z is not 
signi?cant in itself. What is important is the overall pattern 
of pulses folloWing the sync signal. The scheme Works by 
building up a table of unique signal arrangements and 
associating each signal arrangement With a speci?c data set 
Which may need to be sent. It should be noted that specifying 
unique signal arrangement need not consist solely of speci 
fying a particular pattern of pulses to be transmitted. There 
may be other elements that lend uniqueness, in particular, 
the pulses or each pulse may be transmittable at one of a 
selected set of frequencies to thereby encode more data. 
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Thus entries in the table may include information regarding 
the frequency of the pulses or each pulse. 

[0126] The building of such a table relies on knowing 
various characteristics of the data sets that can be sent Within 
the system. For example if it is knoWn that each data set Will 
include N bits, then the table can be set up to have an entry 
for every possible value that N bits can take. Similarly if it 
is knoWn that only a predetermined set of values can be 
generated and Will require transmission, entries can be made 
in the table for each of those values. 

[0127] In carrying out this scheme When communicating 
data, the tables may be implemented as “look-up tables” 
Which are accessible to control means in the transmission 
and reception apparatus. The look-up tables may be carried 
in data storage means. 

[0128] FIG. 7 shoWs a modi?ed version of the data 
communication system shoWn in FIG. 1 Which has the same 
elements as that system but further comprises a doWnhole 
data storage means 45 carrying a look-up table that is 
accessible to the doWnhole control means 43, as Well as a 
surface data storage means 55 carrying a look-up table that 
is accessible to a surface control means 53. The look-up 
tables may be used respectively in transmitting and receiv 
ing data. As Will be clear, there may also be a transmitter 
located at the surface and a receiver located doWnhole and 
in such a case the look-up tables may be used in transmission 
and reception at each end of the transmission channel. 

[0129] In order to minimiZe the energy used to transmit 
data, When building look-up tables, the general principle of 
minimiZing the number of pulses to be sent is observed. In 
this Way the look-up table Will be populated so that those 
patterns that use the smallest number of pulses are used ?rst 
(ie ?rst associated With a necessary data set). 

[0130] The above modulation scheme may be optimised 
for communication over a particular channel. Where a set of 
data is to be sent once during each predetermined period of 
length “P”, each set of data has a predetermined standard 
length in terms of the number of bits in the set of data (ie 
each set of data comprise “N” bits), and only one transmis 
sion frequency is available the folloWing process can be 
used to ?nd the optimum modulation scheme. 

[0131] Step 1: By means of channel survey or modelling 
determine the shortest pulse period “T” required to provide 
adequate signal to noise ratio. With current equipment and 
techniques a signal to noise ratio of the order of 9 dB’s is 
generally appropriate. 

[0132] Step 2: Calculate the number of available time slots 
n available betWeen sync pulses using: 

[0133] i) the equation n=INT[(P/T)—1] Where a single 
pulse is used a the sync pulse or 

[0134] ii) the equation n=INT[(P/2T)—1) Where a gap 
longer than any possible message is used to de?ne the sync. 

[0135] Note that the function INT[X] gives the integer part 
of a value “X”. 

[0136] Step 3: It Will be recognised that to uniquely 
represent each value that may be represented by N bits it is 
necessary to have 2N unique pulse arrangements. 
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[0137] The relation n!/(R!(n-R)!) gives the number of 
unique pulse arrangements Which can be achieved in n slots 
using R pulses. 

[0138] Starting With R=0, use this relation to calculate the 
number of unique pulse arrangements for increasing values 
of R until the sum of these unique arrangements equals or 
eXceeds 2N. This largest value of R represents the maXimum 
number of pulses needed to encode all of the different values 
that N bits can represent. 

[0139] For eXample if n=4 and N=3, 23=8 values need to 
be represented and this require the largest value of R to be 
2. This is because R=0 gives 1 pulse arrangement, R=1 gives 
4 pulse arrangements and R=2 gives 6 pulse arrangements— 
yielding an aggregate of 11 possible arrangements. 

[0140] Step 4: Populate a look up table With unique signal 
arrangements associating each With one of the values that N 
bits can represent. Start this process With those signal 
arrangements Which use the minimum number of pulses so 
that the average (mean) number of pulses used per signal 
arrangement in the group as a Whole is minimised. 

[0141] Thus in the eXample above all of the R=0 and R=1 
arrangements Would be used but only three of the R=2 
arrangements. FIG. 8 shoWs an eXample look up table for 
the case Where n=4 and N=3, ie there are 4 time slots 
available and three bits of data a, b and c are to be 
transmitted. In FIG. 8 a dash represents an empty time slot 
and a tick represents a pulse. 

[0142] It might also be noted that step 3 need not in fact 
be carried out in building appropriate look up table, in some 
implementations. That is to say there is no need to ?rst 
determine the maXimum number of pulses that Will be 
needed to represent the required data. Once the number of 
available slots is knoWn, an appropriate look up table may 
be built merely by ?rst assigning the R=0 arrangement to 
one possible value that the data to be sent may adopt, then 
assigning each of the R=1 arrangements to respective values 
and continuing this process for as long as is necessary With 
increasing values of R until each of the possible data values 
have been represented. 

[0143] This process may be implemented by computer 
program such that an appropriate look up table is generated 
automatically once the number of time slots available is 
knoWn and the different possible data values are knoWn. 

[0144] In a development different frequency signals may 
be used to alloW encoding of more data. In such a case the 
look up table Would be built by ?rst using the R=0 arrange 
ment and then using each R=1 arrangement With each 
different frequency before moving onto the R=2 arrange 
ments and so on. The use of different frequencies m 
increases the number of possible unique signal arrangements 
for any given number of pulses R by a factor of mR. Thus 
it can be seen that there is a dramatic increase in the amount 
of data Which can be encoded by use of an additional 
frequency as R gets large. 

[0145] It should also be noted that if for some reason not 
all of the patterns of pulses are used, for eXample R=0 cannot 
be used or a decision is taken not to use R=0, nearly the full 
advantage of the present idea can still be gained. In such a 
sense the mean number of pulses used per signal arrange 
ment may be “controlled” to give advantageous results. 
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1-52. (canceled) 
53. A method of conserving battery energy used in trans 

mitting signals carrying data from a doWnhole location, 
using a transmission system Where a predetermined set of 
data is to be transmitted once during a predetermined period, 
the method comprising the steps of: 

transmitting at least one signal during said period to 
transmit the set of data; 

selecting the time of transmission of said at least one 
signal; and 

representing at least some of the data to be transmitted in 
terms of the time of transmission of said at least one 
signal. 

54. A method according to claim 53 comprising the 
further steps of: 

determining the data siZe of the predetermined set of data; 

determining the transmission characteristics of the chan 
nel over Which the data is to be transmitted; and 

selecting at least one of: 

1) the number of signals to send during the predeter 
mined period; 

2) the duration of each signal; 

3) the poWer of each signal; and 

4) the quantization of the predetermined period, so as 
to alloW transmission of the required data during the 
predetermined period Whilst minimising the battery 
energy used. 

55. A method according to claim 53 in Which there is a 
plurality of sets of data, each of Which is to be sent once 
during the same predetermined period, the method compris 
ing the step of using signals having different frequency 
characteristics to carry respective sets of data such that the 
signals are distinguishable from one another. 

56. A method according to claim 53 in Which the trans 
mission system is such that a set of data is to be transmitted 
once during each of a plurality of successive predetermined 
periods. 

57. A method according to claim 56 Wherein said prede 
termined periods are contiguous. 

58. A method according to claim 53 Wherein the trans 
mission system is such that a set of data is to be transmitted 
once during each of a plurality of successive predetermined 
periods, and the method comprises the steps of transmitting 
a ?rst, reference, signal Within each predetermined period 
and transmitting at least one further signal, as a data signal, 
at a selectable time relative to the reference signal Within 
each predetermined period. 

59. Amethod according to claim 58 in Which the reference 
signal is sent at a preset time in each period. 

60. A method according to claim 58 Where there is one 
data signal in each predetermined period and the method 
includes the steps of: 

considering the time period betWeen the data signal of one 
predetermined period and the reference signal of the 
same period together With the time period betWeen the 
data signal of that predetermined period and the refer 
ence signal of an adjacent period and; 
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using a ratio of these tWo time periods to give a value 
representing at least some of the data to be transmitted. 

61. A method according to claim 60 Where there are a 
plurality of data signals in each time period, and the method 
comprises the step of using a plurality of ratios to encode 
data. 

62. Amethod according to claim 58 in Which the reference 
signals are made distinguishable from the data signals. 

63. A method according to claim 53 in Which the data is 
represented digitally and the predetermined period is quan 
tiZed appropriately such that different timings represent 
different digital values. 

64. A method according to claim 53 Wherein a clock is 
provided at the transmitting location and a clock is provided 
at the receiving location respectively for use in encoding and 
decoding data and the method comprises the step of trans 
mitting a periodic reference signal and using this to calibrate 
the clocks one against the other. 

65. A method according to claim 53 Wherein, a plurality 
of data signals are transmitted during said predetermined 
period; each data signal has an associated frame Within said 
predetermined period and during Which the respective data 
signal may be sent, the time of transmission of the data 
signal Within that frame representing at least some of the 
data to be transmitted; and the respective associated frame of 
at least one of the data signals overlaps in time, at least in 
part, With the respective associated frame of another of the 
data signals. 

66. A method according to claim 65 in Which the frames 
are such that the respective frame associated With each data 
signal overlaps in time, at least in part, With the respective 
associated frames of each of the other data signals. 

67. A method according to claim 65 in Which the prede 
termined period comprises a data signal period Which can be 
occupied by frames of data signals, this data signal period is 
divided into equal length time slots, Which are of equal 
length to time slots in the frames and the number of equal 
length time slots in the data signal period equals the sum of 
the number of data signals to be sent during the predeter 
mined period and the number of equal length timeslots in 
each frame. 

68. A method according to claim 65 in Which at least one 
frame is discontinuous in time. 

69. A method according to claim 65 comprising the 
further steps of: 

splitting the set of data to be sent into data subsets; 

transmitting a respective data signal at a selected time 
Within a respective frame in representation of each data 
subset, Wherein the respective frames overlap such that 
the order of sending of the signals does not provide a 
positive indication of the data subset to Which each 
signal relates; and 

transmitting an auxiliary indicator Which enables deter 
mination of the data subset to Which each signal relates. 

70. A method according to claim 69 in Which the step of 
transmitting an auXiliary indicator comprises the step of 
transmitting at least one decommutation signal Which indi 
cates the order in Which the signals relating to the data 
subsets are being sent. 

71. A method according to claim 53 in Which there is a 
common frame Within the predetermined period associated 
With a plurality of data signals and Within Which the plurality 
of data signals are distributed in time. 
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72. A method according to claim 65 in Which there is a 
common frame Within the predetermined period associated 
With a plurality of data signals and Within Which the plurality 
of data signals are distributed in time. 

73. Amethod according to claim 71 Where there is a single 
common frame Which substantially ?lls the Whole predeter 
mined period. 

74. A method according to claim 53 comprising the step 
of using a look up table in encoding the data to be sent. 

75. A method according to claim 74 in Which the look up 
table comprises entries in a form Where speci?c data sets 
Which can be transmitted are associated With unique signal 
arrangements. 

76. A method according to claim 75 in Which the look up 
table is populated in a Way such that Where X speci?c data 
sets are to be represented the X unique signal arrangements 
are chosen such that each includes the respective minimum 
possible number of individual signal pulses. 

77. A method according to claim 53 Which is used to 
conserve battery energy used by a doWnhole device in 
sending data items from a set of predetermined data items 
during a predetermined period, With a signalling regime 
comprising a modulation scheme Where a data transmission 
period is divided into equal length time slots and there is a 
plurality of unique signal arrangements, each of Which 
arrangements is associated With a respective one of the data 
items and Wherein each unique signal arrangement has an 
associated pattern of pulses distributed in the time slots and 
the unique signal arrangements are selected so as to one of 
control and minimiZe, across the Whole group of associated 
pulses, the mean number of pulses per associated pattern of 
pulses. 

78. A method according to claim 77 comprising the 
further step of determining the shortest pulse period sup 
ported by the transmission channel to achieve the required 
signal to noise ratio and de?ning the time slots so as to have 
a length substantially equal to the determined shortest pulse 
period. 

79. A method according to claim 77 Wherein, the data 
transmission period is chosen to occupy substantially the 
Whole of the predetermined period. 

80. DoWnhole data transmission apparatus using battery 
energy for transmitting signals carrying data in a regime 
Where a predetermined set of data is to be transmitted once 
during a predetermined period, the apparatus being arranged 
to conserve battery energy and comprising: 

a transmitter arranged for transmitting at least one signal 
during said period to transmit the set of data, and 

a controller for selecting the time of transmission of said 
at least one signal and arranged for representing at least 
some of the data to be transmitted in terms of the time 
of transmission of said at least one signal. 

81. Apparatus according to claim 80 comprising a com 
puter. 

82. Apparatus according to claim 80 comprising a com 
puter arranged under the control of softWare to carry out the 
steps of: 

a) obtaining information regarding the data siZe of a 
predetermined set of data to be sent over a channel 
during a predetermined period, Which set of data is to 
be sent using the steps of transmitting at least one signal 
during said period, selecting the time of transmission of 
said at least one signal, and representing at least some 
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of the data to be transmitted in terms of the time of 
transmission of said at least one signal; 

b) obtaining information regarding the transmission char 
acteristics of the channel over Which the data is to be 
transmitted; and 

c) selecting at least one of: 

1) the number of signals to send during the predeter 
mined period; 

2) the duration of each signal; 

3) the poWer of each signal; and 

4) the quantiZation of the predetermined period, so as 
to alloW transmission of the required data during the 
predetermined period Whilst minimising the battery 
energy used. 

83. Apparatus according to claim 80 Which is arranged to 
transmit a plurality of sets of data once during the same 
predetermined period and to use different frequency char 
acteristics to carry respective sets of data such that the 
signals are distinguishable from one another. 

84. Apparatus according to claim 80 Which is arranged to 
transmit a set of data once during each of a plurality of 
successive predetermined periods. 

85. Apparatus according to claim 84 in Which said pre 
determined periods are contiguous. 

86. Apparatus according to claim 80 arranged to transmit 
a plurality of data signals during said predetermined period, 
Wherein each data signal has an associated frame Within said 
predetermined period and during Which the respective data 
signal may be sent, the time of transmission of the data 
signal Within that frame representing at least some of the 
data to be transmitted; and the respective associated frame of 
at least one of the data signals overlaps in time, at least in 
part, With the respective associated frame of another of the 
data signals. 

87. Apparatus according to claim 86 in Which the frames 
are such that the respective frame associated With each data 
signal overlaps in time, at least in part, With the respective 
associated frames of each of the other data signals. 

88. Apparatus according to claim 86 in Which the prede 
termined period comprises a data signal period Which can be 
occupied by frames of data signals, this data signal period is 
divided into equal length time slots, Which are of equal 
length to the time slots in the frames and the number of equal 
length time slots in the data signal period equals the sum of 
the number of data signals to be sent during the predeter 
mined period and the number of equal length timeslots in 
each frame. 

89. Apparatus according to claim 86 in Which at least one 
frame is discontinuous in time. 

90. Apparatus according to claim 86 in Which the appa 
ratus is arranged to: 

split the set of data to be sent into data subsets; 

transmit a respective data signal at a selected time Within 
a respective frame in representation of each data subset, 
Wherein the respective frames overlap such that the 
order of sending of the signals does not provide a 
positive indication of the data subset to Which each 
signal relates; and 

transmit an auXiliary indicator Which enables determina 
tion of the data subset to Which each signal relates. 
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91. Apparatus according to claim 90 in Which the auXil 
iary indicator comprises at least one decommutation signal 
Which indicates the order in Which the signals relating to the 
data subsets are being sent. 

92. Apparatus according to claim 80 in Which there is a 
common frame Within the predetermined period associated 
With a plurality of data signals and Within Which the plurality 
of data signals are distributed in time. 

93. Apparatus according to claim 86 in Which there is a 
common frame Within the predetermined period associated 
With a plurality of data signals and Within Which the plurality 
of data signals are distributed in time. 

94. Apparatus according to claim 92 Where there is a 
single common frame Which substantially ?lls the Whole 
predetermined period. 

95. Apparatus according to claim 94 Where there is a 
single common frame Which substantially ?lls the Whole 
predetermined period. 

96. Apparatus according to claim 80 comprising data 
storage means carrying a look up table for use in encoding 
the data to be sent. 

97. Apparatus according to claim 96 in Which the look up 
table comprises entries in a form Where speci?c data sets 
Which can be transmitted are associated With unique signal 
arrangements. 

98. Apparatus according to claim 97 in Which the look up 
table is populated in a Way such that Where X speci?c data 
sets are to be represented the X unique signal arrangements 
are chosen such that each includes the respective minimum 
possible number of individual signal pulses. 

99. Apparatus according to claim 80 Which is arranged to 
send data items from a set of predetermined data items 
during a predetermined period, and is arranged to use a 
modulation scheme Where a data transmission period is 
divided into equal length time slots and there is a plurality 
of unique signal arrangements, each of Which arrangements 
is associated With a respective one of the data items and 
Wherein each unique signal arrangement has an associated 
pattern of pulses distributed in the time slots and the unique 
signal arrangements are selected so as to one of control and 
minimiZe, across the Whole group of associated pulses, the 
mean number of pulses per associated pattern of pulses. 

100. Apparatus according to claim 99 in Which the time 
slots are de?ned so as to have a length substantially equal to 
a shortest pulse period that it has been determined can be 
supported by the transmission channel. 

101. Apparatus according to claim 99 Wherein the data 
transmission period is chosen to occupy substantially the 
Whole of the predetermined period. 

102. A computer readable data carrier carrying a program 
comprising code portions Which When loaded and run on 
computer means cause the computer means to execute the 
steps of: 

a) obtaining information regarding the data siZe of a 
predetermined set of data to be sent over a channel 
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during a predetermined period, Which set of data is to 
be sent using the steps of transmitting at least one signal 
during said period, selecting the time of transmission of 
said at least one signal, and representing at least some 
of the data to be transmitted in terms of the time of 
transmission of said at least one signal; 

b) obtaining information regarding the transmission char 
acteristics of the channel over Which the data is to be 
transmitted; and 

c) selecting at least one of: 

1) the number of signals to send during the predeter 
mined period; 

2) the duration of each signal; 

3) the poWer of each signal; and 

4) the quantiZation of the predetermined period, so as 
to alloW transmission of the required data during the 
predetermined period Whilst minimising the battery 
energy used. 

103. A communication system comprising transmission 
apparatus according to claim 80 and receiving apparatus 
arranged for receiving and decoding the transmitted signals. 

104. A method of generating a modulation scheme to 
conserve battery energy used by a doWnhole device in 
sending data items from a set of predetermined data items 
during a predetermined period, the method comprising the 
steps of: 

selecting a data transmission period Within the predeter 
mined period and dividing the data transmission period 
into equal length time slots; and 

selecting a plurality of unique signal arrangements and 
associating each signal arrangement With a respective 
one of the predetermined data items; 

Wherein each unique signal arrangement has an associated 
pattern of pulses distributed in the time slots and the 
unique signal arrangements are selected so as to one of 
control and minimiZe, across the Whole group of asso 
ciated pulses, the mean number of pulses per associated 
pattern of pulses. 

105. DoWnhole data transmission apparatus using battery 
energy for transmitting signals carrying data in a regime 
Where a predetermined set of data is to be transmitted once 
during a predetermined period, the apparatus being arranged 
to conserve battery energy and comprising: 

transmitting means arranged for transmitting at least one 
signal during said period to transmit the set of data, and 
control means for selecting the time of transmission of 
said at least one signal and arranged for representing at 
least some of the data to be transmitted in terms of the 
time of transmission of said at least one signal. 

* * * * * 


